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RE: Response to Proposed NTP Listing of Alcoholic Beverage Consumption as a Carcinogen
Dear Dr. Jameson:

At its last meeting, December 2-3, 1998, I presented a statement to the NTP on behalf of
the beverage alcohol industry in which I commented upon the relationship of alcoholic beverage
consumption and the development of cancers of the breast and liver. I indicated that there are
substantial questions relating to the validity of studies that claim such a link and that it would be
inappropriate to list any alcoholic beverage as a carcinogen at this time. Despite my arguments
(and those of Dr. William Waddell), the NTP Board of Scientific Counselors Report on
Carcinogens Subcommittee decided to classify alcoholic beverages as a carcinogen. I wish,
therefore, to amplify my previous remarks in the hope that this decision will be subjected to
careful review.

The question of the carcinogenicity of alcoholic beverages is of more than academic
interest. In my opinion, the benefits of moderate alcohol consumption with regard to coronary
artery disease, ischemic stroke, and osteoporosis have been well demonstrated. Thus, labeling
alcohol as a carcinogen might do considerable mischief by discouraging ordinary social drinking
and its protection against serious and common disorders. With respect to alcohol abuse, there
are more important reasons to wam the public about its dangers. If we ask whether the
consumption of large amounts of alcoholic beverages has carcinogenic effects that are different
from those of moderate alcohol consumption, it is appropriate to consider possible confounders
associated with alcoholism, which might be responsible for the alleged association. Certainly,
intake of excessive amounts of alcohol is not the only difference between alcohol abusers and the
general population. In this context many investigators view with skepticisin non-experimental
studies that demonstrate relative risks less than two, and the New England Journal of Medicine
seeks a relative risk of at least three before accepting a paper for publication (1).

Ethanol as a Putative Carcinogen )

A cursory inspection of the molecular structure of ethanol suggests that it is a poor
candidate as a carcinogen. It is a 2-carbon molecule that does not resemble any known
carcinogen, e.g. aromatic hydrocarbons, nitrosamines, aflatoxin, etc. Moreover, ethanol is not
positive in tests for mutagenicity, including the Ames salmonella assay, sister chromatid
exchange, mouse micronucleus assay, and others (2). Experimental animals fed ethanol
chronically for a lifetime have not developed malignant tumors, and even subhuman primates fed
ethanol as long as 8 to 10 years showed no incidence of cancer. It might be argued that although
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ethanol itself is not a carcinogen, it acts as a promoter in the classic initiator/promoter model.
However, promoters stimulate cell proliferation, an action that is actually contrary to that of
ethanol. Both in tissue culture and in the regenerating liver after partial hepatectomy, it is
generally accepted that ethanol inhibits cell proliferation. Thus, ethanol is not a mutagen,
initiator or promoter, and on experimental grounds it should not be labeled as a carcinogen.

Alcoholic Beverages and Cancer of the Liver

Although the International Agency on Research in Cancer (IARC) has classified
alcoholic beverages as a liver carcinogen, this action can be seriously questioned. It is
universally recognized that except for the very rare fibrolamellar variant, hepatocellular
carcinoma ordinarily arises in the setting of cirrhosis or chronic hepatitis. Since only 10% to
20% of alcoholics develop chronic liver injury (3), some 80-90% of alcoholics are at virtually no
risk for hepatocellular carcinoma. With respect to the risk of hepatocellular carcinoma in
persons suffering from alcoholic cirrhosis, the studies upon which IARC relied were flawed by
poor or absent controls for infection with hepatotropic viruses.

The large majority of cases of hepatocellular carcinoma are associated with hepatitis B or
hepatitis C. In this context the prevalence of serum markers for hepatitis B virus (HBV) is 2- to
4-fold higher in alcoholics than in corresponding control populations (4-6). Significantly, 50-
80% of alcoholics with cirrhosis who develop hepatoceliular carcinoma show serum markers for
HBV (6-8), compared to about 25 % in similar patients who are free of cancer. The increased
risk for hepatocellular carcinoma among alcoholics infected with HBV is supported by the
results of a prospective study of cirrhotic patients, in which the highest incidence of
hepatocellular carcinoma was seen in alcoholics who also suffered from hepatitis B (9).

The prevalence of hepatitis C is also much higher in alcoholics than in the general
population (10-13). In fact, antibodies against hepatitis C virus (HCV) have been demonstrated
in as many as 10% of alcoholics, whereas the prevalence is about 1 % in the general population.
Moreover, the highest prevalence (50-70%) of HCV infection among alcoholics has been
demonstrated in those with hepatocellular carcinoma (11,13,14).

Owing to the limited sensitivity of tests for HBV and HCV, and the possibility that
patterns of viral gene expression and replication may be altered in alcoholics, the frequency of
infection with hepatotropic viruses in alcoholics is probably an underestimate of their true
distribution. In this respect, in alcoholics with hepatocellular carcinoma whose serum was
negative for hepatitis B surface antigen (HbsAg), all demonstrated HBV DNA in the liver,
implying a major role for HBV in the pathogenesis of the cancer (6). Thus, the data strongly
suggest that most cases of hepatocellular carcinoma in alcoholics should be attributed to chronic
viral hepatitis rather than alcoholic beverages and that these beverages are not carcinogenic for
the liver.

Alcoholic Beverages and Breast Cancer

I have recently reviewed the epidemiological evidence for a causative association
between alcohol consumption and the risk of breast cancer. In general the relative risks



described are all small, and they are almost non-existent at moderate levels of alcohol
consumption. The risk of confounding in the study of a multifactorial disease such as breast
cancer, which involves dietary, hormonal, genetic, socioeconomic and other factors, is
substantial, particularly at higher levels of alcohol consumption.

Interest in the possible association of alcohol consumption and breast cancer was initially
stimulated by the Third National Cancer Survey (15), in which a weak association between these
parameters was reported. Since then a substantial number of epidemiological studies have been
published, many confirming the association, but quite a few failing to find any association. To
this end, I have recently reviewed 12 cohort studies and almost 50 case-control studies, of which
7 cohort studies and 37 case-control studies supplied sufficient data to look for a dose-response
relationship (16).

Some years ago the case for an association between alcohol consumption and breast
cancer was reviewed by Steinberg, et al. (17), but Shatzkin, et al. (18) and Roth et al. (19)
reviewed the literature to 1994 and concluded that the association is essentially unproved. The
epidemiological studies reviewed in these and later analyses are not of even methodologic
quality. An important source of variation is the definition and measurement of the amount and
timing of alcohol intake. Some of the categories are labeled recent use, recent and past use,
current use, lifetime use, usual intake, use in the preceding year, use in the preceding 5 years, use
more or less for 4 days per week, use per week, moderate use, infrequent use, use per day, use
per month, and use with meals. The control groups of abstainers are variably defined, including
using less than 10 grams/week (20), not having used alcohol in the last five years (21), or just
“ex-drinkers” (22). Early case-control studies used hospital controls, and more recent ones
population controls. Roth et al. (19) demonstrated that studies using hospital controls had
considerably higher relative risks than those using community controls. Screening programs are
also suspect because controls may be self-selected to volunteer (20). Under-reporting of alcohol
consumption is of course common and may bias some studies, particularly when information has
been collected by telephone (21). Some studies were begun many years ago and were then
reanalyzed when an association between alcohol and breast cancer was suggested. For example,
in one study published in 1988, the questionnaires had been collected in 1959 (22).

As previously mentioned, the relative risks reported for breast cancer are very small,
particularly with moderate levels of alcohol consumption. In 1994, Longnecker (23) updated his
previous review to include 38 studies that passed his methodological criteria for meta-analyses.
The relative risk for one drink a day was only 1.1, that for 2 drinks a day 1.2, and that for 3
drinks a day 1.38. The variations in the estimate of relative risk per drink per day reported across
studies varied from 0.55 to 2.05. Thus, some studies actually reported a protective effect of
alcohol. The most recent and well publicized meta-analysis was that of Smith-Warner et al. in
1998 (24), which reported on 6 cohort studies, each including more than 200 cases of breast
cancer. The relative risk up to 30 grams alcohol a day varied from 0.99 to 1.16, and the
confidence intervals extended below unity. Thus, no significantly increased risk was
demonstrated up to 2 to 3 drinks a day. At levels of 30 to 60 grams alcohol a day, which many
consider excessive for women, the relative risk was only 1.4, and inexplicably declined to 1.3
with consumption of more than 60 grams a day. The latter value is probably in the range of
alcohol abuse. Although Smith-Warner et al. claim that trend analysis of this meta-analysis



shows a significant trend of risk with increasing consumption, there is actually no evidence for
an excess risk at levels generally thought of as moderate. Only one category, namely 30 to 60
grams a day, is itself significant, and the risk up to 30 grams a day clearly shows neither an effect
nor a trend. In this respect statistical tests for trends among large numbers of subjects are almost
always significantly different from no trend. In spite of the dubious nature of these data, the
authors inexplicably concluded that there is a linear and causal association of alcohol
consumption with the risk of breast cancer.

The report of Zhang, et al (25) describes the Framingham Study, further supports my
view that moderate consurhption of alcoholic beverages does not increase the risk of breast
cancer. This study followed almost 5,000 women for 24-40 years and reported an actual
reduction in breast cancer risk among women who consumed moderate amounts of alcohol.
Assigning a relative risk of 1.0 to non-drinkers, relative risks of 0.7 to 0.8 were found in women
who drank up to or more than 15 gm of alcohol a day. In his Invited Commentary on this paper
(26), Dr. Longnecker apparently recants by stating that “The Framingham results and the results
of other studies that do not support a relation of alcohol with breast cancer, raise the possibility
of effect modifiers or exposure characteristics that protect against an increased risk of breast
cancer in drinkers. These results remind us that the issue of causality remains unresolved.”

The alleged increase in the relative risk for breast cancer associated with alcohol
consumption is very small indeed when compared to most known risk factors for breast cancer,
which bestow a relative risk of three or more. Utilizing the Bradford Hill criteria (27), I detect a
lack of consistency in the epidemiological studies, weak associations, dubious dose-response
gradients (which are usually not monotonic), and variations in temporal relationships. Alcohol
abuse, which should be discouraged on other grounds, is beset by such confounding possibilities
that a causal relationship with regard to breast cancer remains problematic.

Alcoholic Beverages and Cancer of the Esophagus

A number of studies have claimed an association between alcohol consumption and cancer of the
esophagus, and indeed IARC listed this tumor as evidence for the carcinogenicity of alcohol.
However, confounding by factors other than alcohol is particularly important in the case of this
particular tumor, and the studies upon which IARC and the NTP relied are seriously flawed by a
lack of appropriate controls. Esophageal cancer is strongly linked to cigarette smoking (28), and
attempts to adjust for this habit in the case of esophageal cancer have been highly questionable.
As is the case with other cancers allegedly linked to alcohol consumption, a conclusive
association between moderate alcohol consumption and esophageal cancer is lacking, and
meaningful relative risks are reported only at high levels of alcohol intake, which are probably in
the range of alcohol abuse or alcoholism. Many of the studies do not distinguish between
squamous carcinoma and adenocarcinoma, the latter showing a substantial increase in recent
years. Most or all adenocarcinomas of the esophagus arise in an area of gastric metaplasia
termed Barrett’s esophagus. This condition reflects gastroesophageal reflux disease, a disorder
that is particularly common in alcoholics and in smokers. In this respect, alcohol has been
demonstrated to relax the lower esophageal sphincter, thereby permitting the reflux of gastric
contents into the lower esophagus. Persons who have experienced heartburn after excessive
indulgence in alcoholic beverages will attest to this effect. With respect to squamous carcinoma,



chronic esophagitis and achalasia (which permits acid reflux) have been reported to increase the
risk. In addition, esophageal cancer is particularly sensitive to a wide variety of environmental
factors, as evidenced by the existence of an esophageal cancer belt that ranges from the Caspian
littoral across Asia to Northern China. In areas of this geographic belt, the incidence of
esophageal cancer is as high as 100 times that in the United States, despite the fact that many of
the populations neither smoke nor drink. In light of these considerations, it is inappropriate at
this time to list alcohol per se as a carcinogen for the esophagus.

Alcoholic Beverages and Oropharyngeal Cancer

~ As with the other cancers discussed above, evidence for an increased risk of
oropharyngeal cancer in moderate drinkers who do not smoke is slim to none. Even in studies
that have tried to control for smoking, the effect of tobacco is statistically adjusted rather than
directly observed. In chronic alcohol abusers, the risk of oropharyngeal cancer in non-smokers
has been difficult to measure, owing to the small numbers of alcoholics who do not smoke. Even
assuming that the increased risk in alcoholics is real, it should be noted that it has been proposed
that deficiencies of vitamin C, vitamin A, iron, zinc and copper may be related to oral cancer
(29). Thus, the role of tobacco and other confounders remains an important question when
considering a putative link between alcohol and oropharyngeal cancer.

In conclusion, there is no experimental evidence that alcoholic beverages are
carcinogenic. The epidemiological data for associations between the consumption of alcoholic
beverages and cancers of the liver, breast, esophagus and oropharynx are inconsistent, poorly
controlled, and seriously subject to confounding by other factors. Under these circumstances, it
is inappropriate to label alcoholic beverages as a carcinogen for any of these organs.

Very truly yours,

Emanuel Rubin, M.D. '

Gonzalo E. Aponte Professor of Pathology and
Chairman of the Department of Pathology, -
Anatomy and Cell Biology, Thomas Jefferson
University, Philadelphia, PA
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